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WIND-TUNNEL INVESTIGATION OF A PLAIN AILERON WITH, VARIQUS
TRAILING-EDGE MODIFPICATIONS ON A TAPERED WING
III - AILERONS WITH SIMPLE AND SPRING—LINKED BALANCING TABS

By F. M. Rogallo and Paul E. Purser
SUMMARY

An investigation was made in the LMAL 7- by 10-foot
tunnel of various modifications to the trailing edge of a
0.155-chord plain aileron on a semispan model of the
tapered wing of a fignter airplane. The modifications
considered in the present report are inset trailing-edge
tabs linked to the aileron in such a way that the tab
deflects in the opposite directioii from the aileron and
reduces the aileron stick forces. pests were madg to
determine the effect of tbe gap at the aileron nose and
the effects of tab span and location.

An analysis was made of the use of a spring in the
aileron-tab linkage to eliminate the possibility of over-
balance at low speeds and to reduce the variation of stick
force with speed.

The stick forces and rates of roll were estimated for
a fighter airplane with plain ailerons, ailerons with sim-
ple balancing tabs, and ailerons with spring-linked
balancing tabs.

The results of the tests and computations indicated
that the use of ailerons with simple or spring-Ilinked tabs
would reduce the high-speed stick forces to considerably
less than those experienced in the use of plain sealed
aileronsg if the aileron deflections were not excessive.
The use of spring-linked tabs designed to give the desired
characteristics at high speed would reduce the variation
of stick force with speed and would also cause an increase
in aileron effectiveness for a given stick deflection as
the speed was reduced. The possibility of flutter being
introduced by the presence of the spring mas not investi-
gated.



Ths results of the various investigations of the
spring tad both here and in England indicate that this
device is very promising as a meauns of adjusting control-
surface hinge moments and it is recommended that further
investigation of it be carried out in flight.

INTBODUCTION

In view of the increased. importance of obtaining
adequate lateral control with reasonable stick forces
under all flight conditions for high-speed airplanes, the
NACA has eagaged in an extensive program of lateral-control
research. The aurposes of this program are to determine
the characteristics of existing lateral-control devices,
to determine the effects of various modifications to exist-
ing devices, and to develop new devices that show promise
of being more satisfactory than those pow inuse. The
present tests were made to furnish aerodynamic data for
use in the design of linked bvalancing tabs and to determine
the effects of varying: the tab span and location. Rolling
moments, yawing moments, and aileron hinge moments .were
obtained with the tab locked at various deflections, for
aileroa gap sealed and unsealed, and are preseanted as
characteristics cf the individual aileron. Also presented
are the estimated aileron control characteristics of a
pursuit airplane equipped with plain unbalanced ailerons
and with two arrangements of tab-balanced atlerons.

APPARATUS AND METEODS

Test Installation

A semispan-wing model was suspended ia the LMAL 7-
by 10-foot tunnel (reference 1) as shown schematically in
figure 1. The root chord of the model was adjacent to one
of the vertical walls of the tunnel, the vertical wall
thereby serving as a reflection plane. The flow over a
semigpan in thisg setup is essentially the same as it mould

be over a complete wing in a 7- by 20-foot tunnel. Although
a very small clearance was maintained betneen the root chord
of the model and the tunnel wall, no part of the model was

fastened to Or in contact with the tunnel wall. The model
mas suspended entirely from the balance frame,. as shown in
figure 1, in such a way that all the forces and moments
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acting on it might be determined. Provision was made .for
changing the angle of attack while the tunnel was in
operation.

The aileron was deflected by means of a calibrated
torque rod connecting the outboard end of the aileron with
a crank outside the tunnel mall and the aileron hinge
moments were determined from the twist of the rod (fig,. 1).
Tab hinge moments were not determined.

Model

The tapered-wing model used in these tests mas built
to the plan form shown in figure 2 and represents the
cross—hatched portion of the airplane shown in figure 3.
The basic airfoil sections were of the MACA 230 series
tapering in thlckness from approximately 15§ percent at
the root to 8% percent at the tip. The basic chord ¢,
of the model Was increased 0.3 inch at every spanwise sta-
tion to reduce the trailing-edge tnickness and the last
few stations were refaired to give a smooth contour. Ordi-
nates for the extended and refaired sections are given in
table 1. The details of the aileron and the full-sgan tab
are shown in figure 4. The tab was divided into three seg-
ments of equal span tkat could be deflected independently
of one another.

Test Conditions

All the tests were made at a dynamic pressure of 9.21
pounds per square foot, which corresponds to a velocity of
about 60 miles per hour and to a test Reynolds number of
about 1,540,000 based on the wing mean aerodynamic chord
of 33.66 inches. Tha effective Reynolds number of the
tests was about 2,460,000 based on a turbulence factor of
1.6 for the LwAL 7- by 10-foot tuiinel. The present tests
were made at low scale, low velocity, and high turbulence
relative to flight conditions to which the results are

applied. The effects of these variables were not determined
or estimated.

RESULTS AND DISCUSSION

Coefficients and Corrections

The symbols used in the presentation of results are:
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1ift coefficient (L/q8)

uncorrected drag coefficient (D/qs)
pitching-moment coefficient (M/qSc!)
rolling-moment coefficient (L'/qb§)
yawing-moment coefficient (N'/qbs)

aileron hinge-moment coefficient (#/qv,3,2)
Cn of up aileron - ¢y of down aileron
actual wing chord at any spanwise location

chord of basic airfoil section at any spanwise
location

mean aerodynamic chord

aileron chord measured along airfoil chord line from
aileron hinge axis to trailing edge of aileron

root-mean-square chord of the aileron

tab chord measured along airfoil chord line from tab
hinge axis to trailing edge of airfoil

twice span of semiapan modsl
aileron span

tab span

twice area 0of gemispan model
twice lift on semigpan model
twice drag on gemigpan model

twice pitching moment of semispan model about support
axis

rolling moment, due to aileron deflection, about wind
axis in plene of symmetry

yawing moment, due to aileron deflection, about wind
axis in plane of symmetry
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AH

aileron moment about hinge axis

algebraic differenci: of right- and left-hand aileron
hinge moments, foot-pounds

dynamic pressure of air stream uncorrected for blocking
(L oy®
\2

free-stream velocity

indicated velocity

angle of attack

aileron deflection relative to wing; positive when
trailing edge is down

reduction in aileron deflection due to spring deflec-
tion, degrees

tab deflection relative to aileron; positive when
trailing edge 1s down

control-stick deflection

rate of change of rolling-moment coefficient CZ,'
with helix angle pb/2V

rate of roll

stick force

spring constant (one spring), pounds per foot
length of aileron-control horn, feet

length of tab-control horn, feet

length of control stick, feet

A positive value of L' or ¢3! <corresponds to an

increase in lift of the model, and a positive value of N

or

Cn' corresponds to a decrease in drag of the model.

Twice the actual lift, drag, pitching moment, area, sad
span of the model were used in the reduction of the results
because the model represented half a complete wing. The
drag coefficient and the angle of attack have been corrected



only in accordance with the theory of %railing-vortex
images. Corresponding corrections were applied to the
rol-ling- and yawing-moment coefficients. No correction has
been applied to the hinge-moment .coefficients:. No correc-
tions have been applied to any of the results for blocking,
for the effects of the .support strut, or for the treatment
of the inboard end of the wing, that is, the small gap be-
tween the wing and the mall, the leakage through the wall
around the support tube, and the boundary layer at the wall.
These effects are probably of second-order importance for
the rolling- and yawing-moment coefficients (which are
basically increnental data] bnt may have more effect on

the other forces and moments, particularly on the drag
coefficients. It is for this reason that the drag coeffi-
cients are referred to as uncorrected.

Characteristics of Model with Aileron
and Tab Neutral

The characteristics of the tapered-wing model with
the plain aileron and the tab fixed at zero deflection
are shown in figure 5. The presence of a 0.005¢ gap at
the aileron nose had very little effect on the wing
characterigtics.

Aileron Characteristics

Plain ailerons.- The characteristics of the plain
sealed and unsealed ailerons are presented in ngure 6
A.comparison of the increments vetween §, = 15 and

84 = -15° ghows that the presence of the 0.005¢c gap at

the aileron nogse reduced the rolling-moment coefficiect

by about 16 percent and increased the hinge-moment coeffi-
cieiit by about 12 percent bt ha& little effect on the
slope of the hinge-moment curve ach/asa at small deflec-
tions.

Ailerong with full-gspsn tadg.~ The characteristics
of the plain sealed and unsealed ailerons with full-span
tabs are shown in figures 7 and 8, respectively. The tab
characteristics are essentially the same on the sealed
and unsealed ailerons akthough the variations of rolling-
and hinge-moment coefficients vith both tad and aileron
deflection vere generally more irregular for the unsealed
aileron than for the sealed aileron. At low deflections
of the unsealed aileron (fig.. 8) the effective range of
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tab deflection was £+20° or less but, at high aileron de-
flections, the tab appeared to maintain its sffectiveness
to +25°, especially when deflected as a balancing tab.
The sealed aileron (fig. 7) would probably have exhibited
similar characteristios if the tab had been deflected
more than x=20°.

Aileron with partial-span tabs.- The effects of vary-
ing the. span and the location of the tab on the plair un-
sealed aileron at a low angle of .attack are shown in fig-
ure 9. The parameters 3C;'/36y and 30y/d8y in figure
9 are one-twentieth of the increments of rolling-, and
hinge—-moment coefficients between tab deflections of 10°
and -~10°,

The values of ~ach/86t are larger for the inboard

tabs than for the outboard ones, as was expected because
of the increase in tab and aileron chord with distance

from the wing tip, these chords being a constant percent-
age of the wing chord. The values of aCL'/BBt for the

1/3~gpan tabs are about equal regardless of spanwise loca-
tion, probably because as the disvance from the wing tip
increases the increase in the ta% chord is roughly compen-
sated by the decrease in the moment arm of the tad about
the assumed airplane center line. The differences in the
values of acz'/aét for the 2/3-gpan tabs have not been

accounted for.
Spring-Linked Tabs

Recent studies, particularly in England (referenceg 2
to 4), have suggested that the introduction of springs into
the linkage systems of balancing tabs affords a powerful
means of utilizing the possibilities of this device without
the risk of overbalancing the control at low speeds and
with the advantage of a reduction in the variation of stick
force with speed.

The basic principle of the spring-Ilinked tab is that
the tab deflection varies with the force required to ovper-
ate the aileron instead of varying as a function of only
aileron deflection. At high speeds and high aileron de-
flections the tab deflection is therefore large hut, as
the speed and/or the aileron deflection decreases, the tab
deflection also decreases and the systen approaches tnat
of a plain unbalanced aileron; the variation of stick force
with speed is thereby reduced and the risk of overbalance
at low speeds is eliminated,



A sketch of a spring-linked-tab system is shown in
figure 10. If there ig no foree on the aileron, it can
be deflected with no relative deflection between the ai-
leron and the tab. If there is a force. on the aileron,
however, the spring connected to the aileron through the
spring case will deflect and the displacement between the
plunger and the case will cause the tab to deflect rela-
tive to the aileron. An increase in force on the aileron
will increase the spring deflection and thereby the tab
deflection. It can be seen, therefore, that the tab de-
flection will vary with the force on the aileron. In an
air stream the tab deflection would reduce the aileron
force and a state of equilibrium would be reached at a
point depending on the geometry of the system. For a
given linkage arrangement, as the stiffness of the spring
approaches infinity (or as the speed approaches zero),
the system approaches that of a plain aileron and, as the
stiffness of the spring approaches zero (or as the speed
approaches infinity), the system approaches that of a
gservotab,

If the spring is preloaded by being installed in a
compressed condition (by use of screw caps on the spring
case in fig. 10), the tab would not deflect. until the
aileron force exceeded the amount of spring preload and
the initial slops of the stick-force ‘eurve would be higher,
giving the stick; more' feel near neutral, An airplane
equipped with a tab and preloaded spring has been test-
flown in England and the flight-test results agreed rea-
sonably well with the estimated characteristics. These
tests indicated that backlash in the tab system should be
eliminated.

The types of stick-force curve that may be obtained
from ailerons with spring-linked tabs by va'rying the value
of the spring constant kg and the spring preload are
shown in figure 11. The reduction of maximum pb/2V with
reduction of stick force (fig. 11(a)) may sometimes be
compensated by an increase of aileron deflection.

It has also been suggested (reference 3) that the tab
linkage be made in such a may that,, with an infinitely
strong spring, the tab will tend either to balance or to
unbalance the aileron. With such a linkage and a spring
of finite stiffness, the stick.-force characteristics will
be a combination of those of an ordinary balancing (or un-
bvalancing) tab and those of a spring-linked tab.



A characteristic of ‘spring--linked tabds is that, as
the upfloatfng tendency of the aileron is increased, the
tab and the aileron tend to defleet upward so as to reduce
‘the 1oad in the ‘system®, thus reducing the possibility of
overloading the ailerons during accelerated maneuvers;
this effect will generally be negligible under steady-
flight tonditions, particularly 1If some preload is used.
Analysis indicates that tabs as well as ailerons should be
statically bvalanced to avoid oscillationa. The possibil-
ity of flutter being introduced by the presence “of the
spring was not investigated,

‘The-general equations used in the design of noapre-
loaded spring tabs, if it is assumed that the tab is aero-
dynamically balanced, are:

AH =2 k_1 I't sin 51; = 2(-——- 51-, + Ga baca q (1)
88 86t asa
St = sin"l "’-'-—E""— (2)
ksLaLt
&S a = si n 1 -—-'E—"é— (3)
kBLB.

8y =08, = a constant (for a given value of es) (4)
The -fattdr 2 in equation (1) accounts for the fact that
there are two. ailerons and two springs.

Estimated Rates of Roll and Stick Forces

As an example of the application of the data the rates
of roll and the stick forces during steady rolling of the
airplane of figure 3 have been estimated for five different

,aileron arrangements (fig. 12). The rates of roll were
estimated by meaus of the relationship
1
pd - S0 (5)
2V CL'p

where the coefficient of damping in roll ¢! was taken

as 0.46 from the data of reference 5. It has bean assumed
that the rudder will be used to counteract the yawing
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moment, that the aileron-operating mechanism is nonelastic,
and that the wing will not twist. These assumptions lead
to computed rates of roll.higher than may be expected under
aetual .flight conditions. The stick forces were estimated
from the relationship

~ar Wt 2%) 1 903, 20s *88)
U8 : ] L 8
-and 1t was assumed that, for any given arranéement,
(85 + A8y) . 84 + AD 8q)
a8’ :.8 . . congtant = *g—.-" (7)

_ Equation (6) may %be derived from the aileron dimen~
sions and the following airplahe characteiistics:

Wing area, square feet o &« « & 2 = = 2 = » = = x =« =« 260
Span, feet. « « & & & = % = = 2 s = = = s =« » = » &« « 38
Taper ratio & & & & =« = = = = = = . 1.67:1
Airfoil section (basic) « « &« & « & « « NACA 230 sgeries
Mean aerodynamic chord, inches . «+ + «+ « « « « « « 84.14
Weight, pounds + « & =« s = 2 s 2 = 2 s = s« = s = » « 7063
Wing loading, pounds per square foot . « + =oe x »27.2
Stick length, feet + &« & & & & = & = = 2 = = = s # & 2
Maximum stick deflection, 8, degrees .. . .. ... . £21

The value of the constant in equation (6) is dependent
upon the wing loading, tie size of the ailerons, and the
length of the gtick. The tab was assumed to be serodynam-
ical'ly balanced. The values of da(8, T A8,)/d8¢ may be
determined from equation (7) and from the maximum stick de-
flection of £21° and the maximum aileron deflections noted,
on figure 12. The values of ¢;' and AG, wused in equa-

tiong (5) and (6) are the values computed to exist during
steady rolling; the local angle of attack at the ailerons
during rolling has been taken into account. In order to

take 1nto account the local angle of attack at the ailerons,
the rolling- and hinge-moment coefficients were replotted
against angle of attack for several aileron deflections and
the fairing between the two poipts at a =0.1° and a = 13.4'
was guided by the fairing of the curves for the plain un-
sealed aileron, which were cross plots of figure 6(bv).
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It was hoped that comparisons of the stick-force
characteristics could be made with all systems designed
to give a maximum computed pb®/2v of 0,090 at V3 = 250
miles per hour, Because of the small size of the aileron
and tab, however, excessive deflections would be required
to reaoh pb/2v = 0.090 and, consequently, the maximum
stick force would not be reduced below that for the plain
‘ailerons. (See fig. 12(a).) This result is in agreement
with the conclusion of reference 6. (omparigon between
the plain aileron and the aileron with simple and spring-
linked tabs was therefore made with systems designed to
give a pb®/2V of 0.075 at 'Vi = 250 miles per hour.

In estimating the rates of roll and the stick forces
for the aileron with the spring-linked tab (figs. 10 and
12)y curves of pb/2v and aileron hinge moment during
steady rolling were plotted against aileron deflection
for various values of &, at two values of Vi, The

Characteristics were estimated using the above-mentioned
curves and equations (2) to (6) .

The value of AH was arbitrarily limited to a maxi-
mum of 40 foot-pounds at an indicated velocity of 250
miles per hour and the values of t_, 1,, and 1 _ were

assumed to be 0.2 foot, 0.1 foot, and 2.0 feet, respec-
tively. Under these conditions the values of kg, 85, 484,
and &t required for a pb/2v of 0.075 at full stick

deflection were found t 0 be, respectively, 3420 pounds per
foot, +£20°, +8.4°, and ¥17°  With these constantsg, equa-
tion ¢(6) reduced to F, = 0,676 AH,

The following table shows the characteristics of the
aileron with the spring-linked tab and outlines the pro-
cedure by which the estimations were made from the rela-
tionships given:
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From AH |From AH |From AH,|From da’ From  AH iF_'rom
Assumed|and equa-|and equa-|&y, and {8y, and jand equa-|(8ath8,)
tion (2) |[tion (3) |jcurves Jecurves |tion (6) jgnd equa-
. . tion (7)
Vg | OE 8 &by 8a pb/2v F Bg
(mph)| (£t-10)| (deg) (deg) (deg  (radians) (1) (deg)
{ ; .
10.0 F4.2 F2.1 +5.8 0.028 6.8 ¥5.8
250 20.0 +8.4 ¥4,2 12.0 ,054 13.5 F12.0
'Y 30.0 | ¥12,7 ¥6,.3 +16.6 .068 20.3 F16.9
40.0 | ¥17.0 ¥8.4 +20.0 .075 27.0 F21,0
6.5 | F3.7 Fl.4 +5.6 .027 4.4 ¥5.2
101 13.0 +5,.4 ¥3.7 | #12.0 057 8.8 | F10.9
4 20.0 | #B.4 4,2 | £17.2 .076 13.5 | ¥15.8
(29.0 | F12,.3 ¥6.1 +22.3 . 093 19.6 ¥21 0

It should be pointed out that the values for aileron
and tab deflectionsg are not exact for the &ow-speed atti-
tude at which the aileron has an upfloating tendency. For
gimplicity H was assumed to be 1/2AH. Actually, however,
the upfloating tendency at low speed reduces the moment on
the upgoing aileron and its tab defleetion and loss in ai-
leron deflection will therefore ve small; whereas for the
downgoing aileron the opposite will be trwe. The stick
forces and rates of roll should not be greatly affected
but the yawing moment should bvecome slightly lkess adverse
than for a system with equal up- and down-aileron deflection,

In estimating the stick forces the aileron moments were
used in preference to the momeant-curve slopes (equation (1))
because of the nonlinear'ity of the curves for the large ai-
leron and tab deflection used in the present example. The
high-speed stick-force curve could be checked reasonably
well by the use of slopes and it is probable that such a
procedure would be satisfactory for preliminary design pur-
poses or when the ailerons and the tabs used are sufficiently
large to remain within the linear ranges as is considered in
references 2, 3, and 7.

IT the spring were made twice as stiff and if the tab
horn were made oiie-half as long as in the example, the char-
acteristics of the system would be unchanged except for a
decrease in the work needed to deflect the spring and a de-
crease in the value of A&,. The decrease in the work re-
quired to deflect the spring would reduce the maximum high-

$
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speed stick force by about 3 pounds. The decrease in A8y
would allow an increase in the ratio of stick deflection
to aileron-deflection with the result that, for the same
maximum aileron deflection oOf 209 at high speed., the stick
forcss would be reduced by adbout 15 percent. It appears
advantageous, therefore. 10 use a spring as stiff as pos-
sible without reducing the length of the tab horn to a
value so small that the pin and bearing clearances would
introduce slack in the tab system,

The results of the computations (fig. 12) indicated
that the use of ailerons with simple Or spring-linked
balancing tabs would reduce"the high-speed stick forces
to considerably lees than those experienced in the use of
plain sealed ailerons. TFor the particular arrangements
considered the aileron with the spring-linked tab had
about 2 pounds higher maximum stick force at high speed
than the aileron with the simple tab. The aileron with
the spriang-linked tab had the following advantages over
the aileron with the simple tab: (1) less variation of
stick force with speed, (2) an increase in rolling effec-
tiveness as the speed was reduced, (3) promise of even
lower high-speed stick forces without the risk of overdbal-
ance at low speed, and (4) a decrease of the load on the
aileron system during accelerated maneuvers. As stated
before, the comparatively low maximum effectiveness at
high speed (pd/2v = 0.075) shown in figure 12(v) was deter-
mined by the fact that the aileron and the tab were small.
Comparable stick-force characteristics but with more roll-
ing effectiveness could be expected from the use of larger
ailerons and tabs (reference 7).

Attention is called to the fact that, because it auto-
matically reduces the aileron loads at high speed, the
spring tab may prevent overstressing of the aileron system.
If so desired, the spring may bve designed to close com-
pletely at full stick deflection at a particular indicated
velocity, thereby limiting the maximum tab deflection. The
rapid increase of control force after closure of the spring
would tend to limit. the stick deflection and thereby limit
the aileron loads.

The results of the various investigations of spring
tabs both here and in England indicate that this device is
very promising as a means of adjusting contsol-surface
hinge moments and it is recommended that further investiga-
tions of the device be carried out in flight.
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CONCLUSIORS

The results of the computations and the tests of
0.155-chord ailerons on an FACA 230-series airfoil indi-
cated that, for the arrangement tested, the use of ailerons
with simple or spring-linked balancing tabs would reduce
the high-speed stick forces to considerably lese than those
experienced In the use of plaln sealed ailerons if the
systems were designed for low maximum aileron deflections.
The use of wring-linked tabs designed to give the desired
characteristics at high speed would reduce the variation
of stick force with speed and would also cause an incresse
in rolling sffectivensds for a given stick deflection as
the speed was reduced, relative to plain ailédrons.or ai-
lerons with simple tabs.

Langlsy Memorial Aeronautical Laboratory,
National Advisory Committes for Aeronautics,
Langley Field, Va.
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TABLE I.- ORDINATES FOR AIRFOIL

[spanwige stations in inches from root section. Chord

stations and ordinates in percent of basic wing chord [ j
h

.‘ CI

Model wing station © Model wing station 88.8
; . U %7 Low-~ ~

station | uppeLe | st4Ee station |  Ve2% | surface

0] o 0 0] 0 0

1.25 3.48 -1.60 1-25 1.89 -.84
2.5 4.61 -2.36 2e5 2.65 -1.07

5 6.10 ~-3.21 5 3.70 -1.26

7.5 7.14 -3.82 7.5 4.45 -1.40
10 7.89 -4.33 10 4.98 -1.52
15 8.80 -5.12 15 5,54 -1.86
20 9.22 -5.,71 20 5.73 —2.22
25 9.40 -6.10 25 5,77 -2.46
30 9.37 -6.28 30 5.71 -2.62
40 8.90 -6.23 49 5.36 -2.70
50 8.02 -5.78 50 4.78 ~-2.56
60 6.85 -5.05 60 4.06 -2.27
70 5.44 -4.10 70 3.21 -1.87
80 3.87 -2.97 80 2.26 -1.36
90 2.12 -1.67 90 1.22 -.78
95 1-16 ""94 95 070 "046
100 l73 003 "003 101-2 005 -105
L.B. radius: 2.65. Slope L.E. radius: 0.70. Slope
of radius through end of of radius through end of
chord: 0.305 chord: 0.305
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